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(57) ABSTRACT 

Methods and systems for sample rate conversion convert a 
sampled signal to a higher data rate signal. Conversion pulses 
are received, having a conversion rate that is higher than the 
sample rate of the sampled signal. Sample points are then 
reconstructed from the sampled signal, in real time, on either 
side of a conversion pulse. An interpolation is performed 
between the reconstructed sample points, at the time of the 
conversion pulse. The interpolation results are outputted in 
real time. The process is repeated for additional conversion 
pulses. The outputted interpolated amplitudes form the higher 
data rate signal having a data rate equal to the conversion rate. 
Sample rate conversion is thus performed in real time accord 
ing to the higher data rate clock, rather than With ?xed ratios. 
As a result, When the higher data rate clock is affected by, for 
example, jitter or other frequency variations, the higher data 
rate samples immediately track the loWer data rate samples. 
This helps to insure that the output higher data rate data tracks 
the loWer rate data, thus providing a more accurate sample 
rate conversion. 
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200 

202 

receiving the sampled signal having a sample rate 

204 v 

\ receiving conversion pulses having a conversion rate that is 
higher than the sample rate 

206 ' 
reconstructing from the sampled signal, in real time, data 

points on either side of a conversion pulse 

208 ' 

\ interpolating, at the time of the conversion pulse, an amplitude 
between the reconstructed data points 

210 r 

\ outputting the interpolated amplitudes in real time 

FIG. 2 
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400 

f 402 
\ filtering the sampled signal 

404 v 

\ receiving a system clock 

406 v 

\\ saving results of the filtering 

206 
408 " 

\\ counting a number of system clock cycles between a 
sample and the conversion pulse 

7 

410 identifying, from the counted number of system clock 
\\ cycles, the reconstructed sample points on either side of 

the conversion pulse 

412 ‘Y 

\ retrieving the saved results of the filtering 
corresponding to the identified reconstructed points 

FIG. 4 
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r/ 

6& identifying, from the counted number of system clock cycles, a 
relative location of the conversion pulse between the identified 

reconstructed data points 

208 

6K weighting the reconstructed data points (e.g., retrieved results 
of the filtering of step 412) according to the relative location of 
the conversion pulse between the reconstructed data points 

FIG. 6 
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METHODS AND SYSTEMS FOR SAMPLE 
RATE CONVERSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
application Ser. No. 10/641,034, ?led Aug. 15, 2003 (now 
allowed), which is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention is directed to signal process 
ing and, more particularly, to methods and systems for sample 
rate conversion. 

[0004] 2. RelatedArt 
[0005] In signal processing, sampled signals often need to 
be converted to higher or lower sample rates. For example, in 
audio signal processing, an audio signal is sampled at a 
sample rate. The resulting sampled signal is processed in a 
digital signal processor (“DSP”). When the DSP operates at a 
lower rate than the sample rate, the sampled signal is deci 
mated to the lower rate. Decimation is well known in the art. 
[0006] The DSP output is typically required to be a stan 
dardiZed sample rate. When the standardized sample data rate 
is higher than the DSP rate, the output data needs to be 
converted to the higher sample rate. Such a conversion is 
referred to herein as sample rate conversion. 
[0007] Conventional sample rate converters suffer from a 
variety of drawbacks. For example, conventional SRCs typi 
cally interpolate between existing sample points to obtain 
new sample points. The interpolation is typically performed 
using known, pre-determined, ?xed ratios between the lower 
data rate and the higher data rate. Results are then clocked out 
at the higher data rate. Such an interpolation is not performed 
in real time. Thus, when the higher data rate clock is affected 
by jitter or small/ large frequency variations, for example, the 
higher data rate output does not necessarily track the lower 
data rate data. 

[0008] What are needed, therefore, are improved methods 
and systems for sample rate conversion. 

SUMMARY OF THE INVENTION 

[0009] The present invention is directed to improved meth 
ods and systems for sample rate conversion. In accordance 
with the invention, a sampled signal is converted to a higher 
data rate signal. Conversion pulses are received, having a 
conversion rate that is higher than the sample rate of the 
sampled signal. Sample points are then reconstructed from 
the sampled signal, in real time, on either side of a conversion 
pulse. An interpolation is performed between the recon 
structed sample points, at the time of the conversion pulse. 
The interpolation results are outputted in real time. The pro 
cess is repeated for additional conversion pulses. The output 
ted interpolated amplitudes form the higher data rate signal 
having a data rate equal to the conversion rate. 
[0010] Sample rate conversion is thus performed in real 
time according to the higher data rate clock, rather than with 
pre-determined ?xed ratios. As a result, when the higher data 
rate clock is affected by, for example, jitter or other frequency 
variations, the higher data rate samples are immediately cal 
culated from corresponding lower data rate samples. This 
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helps to insure that the output higher rate data tracks the lower 
rate data, thus providing a more accurate sample rate conver 
sion. 

[0011] Additional features and advantages of the invention 
will be set forth in the description that follows. Yet further 
features and advantages will be apparent to a person skilled in 
the art based on the description set forth herein or may be 
learned by practice of the invention. The advantages of the 
invention will be realiZed and attained by the structure par 
ticularly pointed out in the written description and claims 
hereof as well as the appended drawings. 
[0012] It is to be understood that both the foregoing sum 
mary and the following detailed description are exemplary 
and explanatory and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0013] The present invention will be described with refer 
ence to the accompanying drawings, wherein like reference 
numbers indicate identical or functionally similar elements. 
Also, the leftmost digit(s) of the reference numbers identify 
the drawings in which the associated elements are ?rst intro 
duced. 
[0014] FIG. 1 is a block diagram of an example audio signal 
processing system 100. 
[0015] FIG. 2 is an example process ?owchart 200 that 
illustrates an improved sample rate conversion process, in 
accordance with the present invention. 
[0016] FIG. 3 is a block diagram of the example audio 
signal processing system 100, further including a rate man 
ager interface and a rate manager numerical control oscillator, 
in accordance with the present invention. 
[0017] FIG. 4 is an example process ?owchart 400 for 
implementing step 206 from FIG. 2. 
[0018] FIGS. 5A is a timing diagram of an example 
sampled signal 502, including samples 504. 
[0019] FIG. 5B is an expanded view of a portion of FIG. 
5A, centered about a conversion pulse 508b. 
[0020] FIG. 6 is an example process ?owchart 600 for 
implementing step 208 from FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] The present invention is directed to improved meth 
ods and systems for sample rate conversion. The present 
invention can be utiliZed in a variety of signal processing 
environments. For illustrative purposes, the present invention 
is described herein in an example video signal processing 
environment. The invention is not, however, limited to video 
signal processing. Based on the teachings herein, one skilled 
in the relevant art(s) will understand that the invention can be 
implemented in a variety of signal processing environments. 
[0022] FIG. 1 is a block diagram of an example audio signal 
processing system 100, including a BTSC intermediate fre 
quency demodulator (“IF demodulator”) 102 and a BTSC 
decoder (“decoder”) 104. BTSC is a well known Broadcast 
Television Systems Committee Standard. IF demodulators 
and decoders are well known in the relevant arts. IF demodu 
lator 102 outputs digital composite BTSC data (“data”) 106. 
The data 106 has a data rate of, for example, 315.7 kHZ. The 
invention is not, however, limited to this example. Decoder 
104 includes a digital signal processor (“DSP”) 116 that 
typically operates at a data rate that is lower than the data rate 
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of the data 106. Accordingly, the decoder 104 includes a 
decimator 108 that decimates the data 106 to the DSP data 
rate. Decimators are well known in the relevant art(s). In the 
example of FIG. 1, the decimator 108 is illustrated as a X10 
decimator that decimates the 317.7 kHZ data 106 to a data rate 
of approximately 31.57 kHZ. 
[0023] The DSP 116 outputs decoded data 112. The 
decoded data 112 is further processed by one or more subse 
quent processes 114. 
[0024] In some situations, the one or more subsequent pro 
cesses 114, or a subset thereof, operate at a different data rate 
than the data rate of the decoded data 112. In such a situation, 
the decoded data 112 is decimated to a lower data rate, and/or 
converted to one or more higher data rates. When the decoded 
data 112 is converted to a higher data rate, a sample rate 
conversion (“SRC”) process generates sample points at the 
higher data rate. This typically requires interpolation between 
lower data rate samples. 
[0025] Conventional SRC processes utiliZe ?xed ratios 
between the lower data rate and the desired higher data rate. 
Higher data rate samples are calculated from the lower rate 
samples using the ?xed ratios. The resulting higher data rate 
samples are clocked out using a clock that runs at the higher 
data rate. Such an interpolation is a real time interpolation. 
Such conventional SRC processes suffer from a variety of 
drawbacks. For example, when the higher data rate clock is 
affected by frequency variations or jitter, for example, the 
higher data rate output does not necessarily track the lower 
data rate data. This is because the higher rate clock is used to 
clock out the predetermined interpolated value. It does not 
control when the interpolation is performed. 
[0026] In accordance with the present invention, sample 
rate conversion is performed in real time according to the 
higher data rate clock, rather than with ?xed ratios. As a 
result, when the higher data rate clock is affected by, for 
example, frequency variations or jitter, the higher data rate 
samples are immediately calculated on corresponding lower 
data rate samples. This helps to insure that the output higher 
rate data tracks the lower rate data, thus providing a more 
accurate sample rate conversion. 
[0027] FIG. 2 is an example process ?owchart 200 that 
illustrates an improved SRC process, in accordance with the 
present invention. The example process ?owchart 200 can be 
implemented in a variety signal processing environments. For 
exemplary purposes, the example process ?owchart 200 is 
described below with reference to FIG. 3. FIG. 3 is a block 
diagram of the example audio signal processing system 100, 
further including a rate manager interface (“RM IF”) unit 302 
and a rate manager numerical control oscillator (“RM NCO”) 
304. The invention is not, however, limited to audio signal 
processing systems. Operation of the RM IF unit 302 and the 
RM NCO 304 are described below. 

[0028] The example process ?owchart begins at step 202, 
which includes receiving sample data. In the example of FIG. 
3, decimated data 110 represents the received sample data. 
However, the received sample data is not necessarily deci 
mated data. 
[0029] In the example of FIG. 3, the sample data has a data 
rate of 31.57 kHZ. The invention is not, however, limited to 
this example. 
[0030] Step 204 includes receiving conversion pulses hav 
ing a conversion rate that is higher than the sample rate. In the 
example of FIG. 3, conversion pulses 306 are generated by 
RM NCO 304. The conversion pulses 306 are provided to the 
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decoder 104 through the RM IF 302. The conversion rate of 
the conversion pulses 306 are any desired ?xed or selectable 
rate(s). In an embodiment, the conversion rate of the conver 
sion pulses is selectable between 32 kHZ, 44.1 kHZ, and 48 
kHZ. The invention is not, however, limited to this example. 
[0031] Step 206 includes reconstructing, in real time, two 
sample points on either side of a conversion pulse. Step 206 
can include identifying two sets of reconstruction ?lter coef 
?cients from the conversion pulses received in step 204, as 
described below with respect to FIG. 4. 
[0032] Step 208 includes interpolating, at the time of the 
conversion pulse, an amplitude between the two recon 
structed data points. Exemplary methods for interpolating are 
described below with reference to FIGS. 5 and 6. 
[0033] Step 210 includes outputting the interpolated ampli 
tude in real time. Steps 206-210 are then repeated for subse 
quent conversion pulses. The outputted interpolated ampli 
tudes form a higher data rate signal having a data rate equal to 
the conversion rate. 
[0034] Reconstructing step 206 can be implemented in a 
variety of ways. FIG. 4 is an example process ?owchart 400 
for implementing step 206. The ?owchart 400 is described 
with respect to FIGS. 5A and 5B. FIG. 5A is a timing diagram 
of an example signal 502, represented by samples 504. The 
samples 504 represent samples of signal 112 in FIG. 3. As 
illustrated in FIG. 5A, conversion pulses 306 occur at a 
greater frequency than the samples 504. FIG. 5B is an 
expanded view of a portion of FIG. 5A, centered about a 
conversion pulse 30619. The invention is not, however, limited 
to the examples of FIGS. 4 and 5. 
[0035] The ?owchart 400 begins with step 402, includes 
determining the arrival time of the conversion pulse. In an 
embodiment, this is performed by counting a number of sys 
tem clock cycles between an original sample and the conver 
sion pulse. In the example of FIG. 3, a system clock 310 is 
provided to the decoder 104. The system clock 310 has a 
frequency of, for example, 108 kHZ. The invention is not, 
however, limited to this example. In FIGS. 5A and 5B, system 
clock cycles are counted from sample 50411 to conversion 
pulse 306b. 
[0036] Step 404 includes identifying or determining the 
two sets of reconstruction ?lter coe?icients (e.g., our of 64 
pre-stored ?lter coe?icients) on either side of the conversion 
pulse. In the example of FIG. 5B, this is represented as coef 
?cients 506a and 506b, on either side of conversion pulse 
306b. 
[0037] The determination of step 404 can be performed 
using the timing determination from step 402. For example, 
the 64 ?lter coe?icients are based on dividing the time 
between the lower data rate samples 504 by 64. In the 
example of FIG. 5B, for a 108 kHZ system clock, there are 
approximately 3420 system clock cycles between each 
sample 504. Thus, there are approximately 53 system clock 
cycles between the two reconstuction points 50611 and 50619. 
[0038] Step 406 includes computing the two reconstructed 
points using the 2 sets of coe?icients. Step 406 is performed 
by ?ltering the sample data 112 using the to sets of recon 
struction ?lter coe?icients identi?ed in step 404. The sample 
data is ?ltered with, for example, a ?nite impulse response 
?lter (“FIR”), using any desired number of taps. In an exem 
plary embodiment, an 18 tap FIR ?lter is utiliZed. 
[0039] Processing them proceeds to step 208, where an 
interpolation is performed between the two reconstructed 
points at the time of the conversion pulse 306b. 
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[0040] Step 208 can be implemented in a variety of ways. 
FIG. 6 is an example process ?owchart 600 for implementing 
step 208. The ?owchart 600 is described with reference to 
FIGS. 5A and 5B. The invention is not, however, limited to 
the examples of FIGS. 5 and 6. 
[0041] The ?owchart 600 begins with step 602, which 
includes identifying, from the counted number of system 
clock cycles, a relative location of the conversion pulse 
between the identi?ed reconstructed data points. In the 
example of FIG. 5B, the number of system clock cycles that 
occur between the reconstructed sample point 506a and the 
conversion pulse 306!) are counted. 
[0042] Step 604 includes weighting the reconstructed data 
points (e.g., weighting the retrieved results of the ?ltering of 
step 412), according to the relative location of the conversion 
pulse between the two identi?ed reconstructed sample points. 
For example, recall from above that there are approximately 
53 system clock cycles between reconstructed sample point 
506a and 5061) (FIG. 5B). Suppose, for example, that there 
are 40 system clock cycles between the reconstructed sample 
point 506a and the conversion pulse 3061). Then there are 
approximately 13 system clock cycles between the conver 
sion pulse 306!) and the reconstructed sample point 50619. The 
amplitudes of the reconstructed sample points 50611 and 50619 
are then weighted accordingly (e. g., 4/5 *Y1+l/5*Y2, where 
Y1 represents reconstructed sample point 506a and Y2 rep 
resent reconstructed sample point 5061)). Processing then 
proceeds to step 210, where the interpolated value is output. 
[0043] In an embodiment, system clock cycles are recorded 
with a 12 bit counter. Identi?cation of the reconstructed 
points on either side of the conversion pulse is determined 
from the 6 most signi?cant bits of the counter. The relative 
location of the conversion pulse between the two identi?ed 
reconstructed points is determined from the 6 least signi?cant 
bits. Based on the teachings herein, one skilled in the relevant 
art(s) will understand that other formulas can also be used. 

CONCLUSIONS 

[0044] The present invention has been described above 
with the aid of functional building blocks illustrating the 
performance of speci?ed functions and relationships thereof. 
The boundaries of these functional building blocks have been 
arbitrarily de?ned herein for the convenience of the descrip 
tion. Alternate boundaries can be de?ned so long as the speci 
?ed functions and relationships thereof are appropriately per 
formed. Any such alternate boundaries are thus within the 
scope and spirit of the claimed invention. One skilled in the 
art will recogniZe that these functional building blocks can be 
implemented by discrete components, application speci?c 
integrated circuits, processors executing appropriate software 
and the like and combinations thereof. 
[0045] While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example only, and not limita 
tion. Thus, the breadth and scope of the present invention 
should not be limited by any of the above-described exem 
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plary embodiments, but should be de?ned only in accordance 
with the following claims and their equivalents. 
What is claimed is: 
1. An apparatus for converting a sampled signal to a higher 

data rate signal, comprising: 
an oscillator for generating conversion pulses having a 

conversion rate that is higher than a sample rate of the 
sampled signal; and 

a processor to reconstruct from the sampled signal two 
sample points for each conversion pulse, interpolate 
between the two reconstructed sample points for each 
conversion pulse to form interpolated values corre 
sponding to respective conversion pulses, and output the 
interpolated values, wherein the outputted interpolated 
amplitudes form the higher data rate signal having a data 
rate equal to the conversion rate. 

2. The apparatus of claim 1, wherein the processor recon 
structs sample points at the conversion rate from the samples 
signal and identi?es the two reconstructed points on either 
side of the conversion pulse. 

3. The apparatus of claim 1, the processor counts a number 
of system clocks between a sample of the sampled signal and 
the conversion pulse, identi?es reconstruction ?lter coe?i 
cients from the counted number of system clocks, and com 
putes reconstructed sample points using the reconstruction 
?lter coe?icients. 

4. The apparatus of claim 2 wherein the processor identi?es 
the two reconstructed sample points for each conversion 
pulse from a set of most signi?cant bits of the counted number 
of system clocks. 

5. The apparatus of claim 3 wherein the processor identi 
?es, from the counted number of system clocks, a relative 
location of the conversion pulse between the two recon 
structed sample points and weights the two reconstructed 
sample points according to the relative location of the con 
version pulse between the two identi?ed reconstructed 
sample points. 

6. The apparatus of claim 5 wherein the processor identi?es 
the relative location of the conversion pulse between the two 
identi?ed reconstructed sample points, from a set of least 
signi?cant bits of the counted number of system clocks. 

7. The apparatus of claim 3, wherein the counted number of 
system clocks is represented as a 12 bit number, wherein the 
6 most signi?cant bits of the counted number of system clocks 
are used to identify the two reconstructed sample points for 
each conversion pulse, and wherein the 6 least signi?cant bits 
of the counted number of system clocks are used to interpo 
late between the two identi?ed reconstructed sample points. 

8. The apparatus of claim 1, wherein the conversion rate is 
selectable. 

9. The apparatus of claim 1, wherein the sampled signal is 
a decimated composite BTSC video signal, the decimated 
sample rate is approximately 31.5 kHZ, and the conversion 
rate is one of 32 kHZ, 44.1 kHZ, or 48 kHZ. 

10. The apparatus of claim 9, wherein the conversion rate is 
selectable between 32 kHZ, 44.1 kHZ, and 48 kHZ. 

* * * * * 


